Background and Purpose: Modified Rankin Scale (mRS) score 0-2 has been used to define "good outcome" while stroke patients with mRS 3 are grouped with mRS 4-6 as having "poor outcome." Long-term data comparing quality of life (QoL), particularly across the mRS 2, 3, and 4 subgroups, are sparse. Methods: Participants in the Interventional Management of Stroke 3 (IMS3) trial with documented 3-month mRS, functional disability (Barthel index [BI]), and self-reported EQ5D-3L QoL questionnaires at 3 months after stroke were included. EQ5D-3L summary indices were calculated using published utility weights for the US population. BI and EQ5D-3L indices were compared across mRS categories using multiple pairwise comparisons with appropriate alpha error corrections. Results: Four hundred twenty-three patients were included (mean age 64 ± 13 years, median baseline NIHSS 16 , mean BI 84.1 ± 25.3, and mean EQ5D-3L index 0.73 ± 0.24). While significant differences in BI were observed across mRS categories, QoL in the mRS 2 and 3 categories was similar. Based on BI and EQ5D-3L index, mRS 3 status was more similar to mRS 2 than to mRS 4 status, and large heterogeneity in the mRS 3 group was observed. Conclusions: Ischemic stroke patients who achieve mRS 2 and 3 functional outcomes seem to have similar health-related QoL scores. mRS 0-3, rather than 0-2, should be considered a good outcome category in moderate to severe ischemic stroke.
Introduction
Disability following ischemic stroke is frequently measured using the modified Rankin Scale (mRS), where 0 represents no disability and 6 represents death [1] . Since the mRS is a nonlinear scale, dichotomization of outcomes has been performed in research studies. In recent stroke trials, 3-month mRS 0-2 was considered ''good outcome'', while mRS 3-6 was considered "poor outcome'' [2] . In current practice, patients with a mRS of 3 are also not typically considered ideal candidates for aggressive stroke treatments [2] . Grouping mRS 3 patients with mRS 4-6 ones assumes that mRS 3 patients are more similar to mRS 4 rather than mRS 2 patients with respect to clinical outcomes, although recent data suggest that 7-year survival is similar for patients with 3-month mRS 2 and 3 outcomes [3] . The highest interrater disagreement has been reported when assigning patients to mRS 2 and 3 categories, raising concerns regarding the validity of this dichotomization [4] .
The study of health-related quality of life (QoL), in addition to functional disability resulting from stroke, is critical, since the ultimate goal of any stroke treatment is to preserve and improve long-term QoL. We also currently do not know how different mRS categories are with respect to QoL in the long run. The EQ5D-3L is a 15-item self-reported simple, generic measure of health-related QoL with well-established psychometric properties in the European and US populations and is a frequently used general health status questionnaire in stroke patients [5] [6] [7] . The goal of this analysis of the Interventional Management of Stroke 3 (IMS3) trial was to compare outcomes at 3 months after stroke using the Barthel index (BI) and health-related QoL (EQ5D-3L summary index), across the mRS 0-5 categories.
Methods

Study Population and Ethical Considerations
The IMS3 trial was an NIH-funded multicenter, 2-arm study evaluating clinical outcomes after intravenous tPA alone versus intravenous tPA with endovascular therapy in patients with acute ischemic stroke, and the results were previously published [8] . The study included subjects aged 18-82 years, with initiation of intravenous tPA within 3 h of onset of stroke symptoms and moderate to severe stroke severity (NIHSS ≥ 10 or ≥ 8 points) with confirmed large vessel occlusion at the onset of intravenous tPA. IMS3 participants who had a documented 3-month mRS, BI, and self-reported EQ5D-3L questionnaire were included. Our analysis was a secondary analysis of the deidentified IMS3 dataset that has been made publicly available by the NIH, and permission to use this dataset was obtained. Our study was deemed exempt from local institutional review board review as it was not considered human subjects research due to complete deidentification of the dataset.
Study Measures
BI, mRS, and EQ5D-3L were collected prospectively in IMS3. Three-month mRS and BI were determined by blinded study investigators not involved in acute management. Using published utility weights for a US population, an EQ5D-3L summary index score was calculated for each participant [5, 7, 9] . For the US general population, the possible EQ5D-3L index scores range from -0.11 to 1.0, 0.0 representing death and 1.0 perfect health. Patients who died prior to 3 months were excluded and no imputation was performed.
Statistical Analysis
Median BI and EQ5D-3L summary indices were calculated for the mRS 0-5 categories. Pairwise comparisons (mRS 1 vs. 2, 2 vs. 3, 3 vs. 4, and 4 vs. 5) were performed using the Mann-Whitney U test with Bonferroni correction ( p < 0.0125 was considered significant). Median BI and EQ5D-3L summary indices were plotted on a scatter diagram to visualize the similarities between the mRS 0-5 categories.
Results
Patient Characteristics
Of 656 IMS3 participants, 423 had all 3 outcome variables at 3 months. The mean age was 64 (SD = 13) years, median admission NIHSS was 16 (IQR 12-19), and 60.3% (255/423) achieved mRS 0-2 at 3 months. Median BI was 100 (IQR 75-100) and mean EQ5D-3L summary index was 0.727 (SD = 0.24). As a reference, the mean EQ5D-3L index for the general US adult population is 0.86, while that for individuals aged 65-74 is 0.78 [10] .
Comparison of Disability and QoL Levels and Their Variability across mRS Categories
Significant overall differences in BI and QoL were observed across 3-month mRS categories (Kruskal-Wallis ANOVA p < 0.001 for each). Pairwise nonparametric tests were used due to negatively skewed distributions of both metrics (skewness statistics ≤ -1.0). In pairwise comparisons, significant differences in BI were observed between mRS 1 versus 2, 2 versus 3, and 3 versus 4 categories ( Fig. 1 a) . However, significant differences in QoL were only found between mRS 1 versus 2 and mRS 3 versus 4, but not for mRS 2 versus 3 comparisons ( Fig. 1 b) . Based on BI and QoL, mRS 3 patients were more similar to mRS 2 rather than mRS 4 patients ( Fig. 1 c) . The mRS 3 and 4 groups were far more heterogeneous than the mRS 2 group ( Fig. 2 ) . 
Discussion
We have shown that health-related QoL in patients with mRS 2 and 3 outcomes are similar, despite differences in functional disability. Patients who achieve mRS 3 more closely resemble mRS 2 than mRS 4 patients based on functional disability and QoL. Our results also agree with a prior disability-weighted analysis of the mRS in suggesting that mRS 2 and 3 outcomes may be similar [11] . While the mRS 2 category is relatively homogenous with respect to BI, we observed greater heterogeneity in the mRS 3 category. This may be explained by lower interrater reliability in classifying patients as mRS 2 and 3 or by the existence of subgroups within the mRS 3 group [4] . These possibilities need to be clarified in future research studies.
An analysis of a Polish inpatient stroke population (median 8 days post stroke) found that patients with mRS 3 had lower EQ5D-3L indices (mean = 0.597) than mRS 2 patients (mean = 0.705), while the overall mean QoL index was 0.59 [6] . In contrast our study, using long-term QoL data from IMS3, found no difference in mRS 2 and 3 categories, while the overall mean EQ5D-3L index (0.727) was much higher. Since IMS3 assessed QoL 3 months post stroke, allowing recovery and adjustment to stroke disabilities, our results are more reflective of the long-term impact of poststroke disabilities on QoL.
Our findings are also important in light of the recent demonstration of efficacy of endovascular therapy in patients with large vessel occlusions. Since patients with mild to moderate prestroke disabilities (mRS 2-3) were excluded (exclusion criteria: BI <90 or mRS >1) from these studies, the AHA/ASA guidelines state that endovascular therapy may be considered for patients with prestroke mRS >1 (class 2B, level of evidence B-R) and that further randomized studies are warranted [2] . In current practice, patients with a baseline mRS of 3 are typically excluded from endovascular therapy, while mRS 2 patients are more frequently offered this treatment. Our results suggest that some patients labelled as mRS 3, who have a BI and QoL that resemble those of mRS 2 patients, may be considered suitable candidates for endovascular stroke therapy.
The nonlinearity of the mRS is a limitation of this outcome scale, and dichotomization of the mRS can potentially limit the power of statistical analyses. Therefore, the development and increasing use of ordinal mRS "shift" analysis and weighted mRS schema represent significant advances in the stroke research field [11] [12] [13] [14] . As shown recently, utility-weighted mRS performed similarly to ordinal mRS in detecting treatment effects in published stroke trials and outperformed dichotomous mRS-based analyses [12] . However, the interpretation of effect size using the ordinal mRS shift analysis, as well as application of results using these approaches to an individual patient, can be quite challenging. In a meta-analysis of recently published positive endovascular stroke trials, both ordinal mRS shift as well as dichotomized mRS approaches yielded very similar statistically significant results [14] . Published utility values of mRS categories were 1.0 for mRS level 0, 0.91 for mRS level 1, 0.76 for mRS level 2, 0.65 for mRS level 3, 0.33 for mRS level 4, and 0 for mRS level 5-6; this also corroborates our findings that mRS 3 is much more similar to mRS 2 than to mRS 4. Since clinical practice still employs mRS 2 and 3 cutpoints as measures of functional independence and dichotomization of mRS is likely to be used in future research studies, our results are potentially useful in clinical practice and research, despite the limitations of mRS dichotomization and the advances in clinical research methods.
A limitation of this study is that EQ5D-3L was the only QoL metric used. Newer and more elaborate QoL questionnaires have been validated for stroke, and further research is needed to validate our observations using these measures [15, 16] .
